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Abstract. We examine the possibility of producing and evidencing exotic strange matter
(strangeletsand metastablemulti-hypernuclearobjects,MEMO’s), including also pure hyperonic
boundstates( ��������� , �
	������ ), atRHICandLHC. Simulationsarepresentedto estimatethesensitivity
of theSTAR andALICE experimentsto thedetectionof theseobjects,focusingmainlyonmetastable
short-lived(weakdecaying)strangedibaryons,with a particularemphasison theH-dibaryon,a six
quark-bagboundstate( �
��������� ).
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1. Strange cluster production at RHIC and LHC

It is offen speculated[1] [2] [3] thatstrangequarkmattercouldbeproducedin heavy ion
collisionsvia two differentscenarii:bycoalescenceof hyperonsandnucleonsin ahadronic
medium[4] or by a strangenessdistillation process[5] in a QuarkGluonPlasma(QGP).
The latermechanismrequiresin principlea largebaryonicchemicalpotential( ��� ). But
themid-rapidityregioncoveredby thecentralbarrelof STAR or ALICE doesnot,apriori,
offer suchconditions.Nevertheless,thefirst measurementsat RHIC show thatthefreenet
baryonregime is still not reached.Moreover, somecalculation[6] indicatesthat,evenat
LHC where� � is expectedto bealmostzero,theremight benonnegligeablefluctuations
of � � betweendifferentrapidity bins in the centralregion. Hencedistillation could take
placelocally.

Asideof thispossiblehindrance,wehaveto considerthattheoverallconditionsfor QGP
formationandexistenceshouldbebetterat RHIC andevenmoreat LHC thanat all other
accelerators.Consequently, if astrangeletreally needsaQGPto becreated,its production
probabilitycouldbeenhancedat thenew colliders.

Coming back to the first scenario,relativistic heavy ion collisions provide a prolific
sourceof hyperonswhich could,togetherwith nucleons,coalesceduringthelatestageof
the reactionandform MEMO’s or purely hyperonicclusters,creatinga doorway stateto
strangelets.For example,a Dilambdacould be formedby the coalescenceof 2 � ’s and
transformto a H-dibaryon.
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2. The search for strange dibaryons at RHIC and LHC

The searchfor exotic strangeclustersis in progressat the new colliders. The central
barrelof STAR andALICE, offer in principlethepossibilityto investigatebothsituations:
long and short lifetime objects. But this centralapparatusis much bettersuitedto the
secondcasewhich implies the searchfor weakdecaytopologieslike the H-dibaryonor
the Dilambdadecay. It coversthe pseudorapiditydomainof � ������� . This largeangular
acceptanceof �
�! "�$#%�&�('
��) is well adaptedto thesearchof specificdecaypatterns,via
secondarytrackreconstruction,secondaryverticesandkink finding.

In orderto estimatethe sensitivity of STAR andALICE to the *+) , we will studythe
capabilityof theapparatusfor reconstructingthetwo following decaychannels:*+)-,/.02143 ,5.76�8 153 and *+)9,/.:� 3 8 1 ,5. 3 8 143 8 1 . Thefirst oneis difficult to evidence
in the hugebackgroundenvironmentof STAR andALICE becauseof the very short

021
tracklengthandbecauseof theundetectedneutron.For this reason,at first, we will focus
on the secondmode, in which the sequentialdecayleadsto the reconstructionof two
successive vertices,eachconnectinga protontrackwith a 8 1 track. After mixing of the*+) daughterswith thesimulatedeventproductsandfull eventreconstruction,onehasto
develop specific *+) finding algorithmsandproducethe *+) invariantmassdistribution.
Fromthissimulation,thedetectorefficiency andsensitivity will bederived.

2.1The * ) ,/.;� 3 8 1 weakhadronicdecayin STAR

As a first attempt,we have considereda massof 2210MeV for the *+) , thesamelifetime
asfor the � ( <>=@?BA C-DE�GF 1�H )(I , a constantrapidity distribution limited to themidrapid-
ity region ( ,J�K�MLN�POQ� ) andan exponentialtransversemassdistribution. After *+)
mixing within realisticsimulatedevents,detectordigitizationandfull eventreconstruction
(spacepointfinding,trackingandparticleidentification)in TPC,wehaveto find, from the
secondarytrack analysis,all the secondary

3 8 1 vertex (so called R ) ) candidates.Then,
amongthis backgroundof RJ) ’s, onehasto find the RJ)S,TRJ) pairsthatcouldcorrespond
to a * ) decay.

We have obtaineda first estimateof thosequantitiesby simulating �GFVU eventswith 700
chargedparticlesper unit of rapidity. This numbercorrespondsroughly to the measured
rapidity densityin STAR for centralAu + Au eventsat 200 AGeV. A meanmultiplicity
of 7 *W) ’s per event, in the ,J�X�YLZ�POQ� rapidity range,hasbeenconsideredfor this
purpose.This representsa totalof [QDK�(F�U generated*+) ’s.

Among them, 140 are correctly reconstructed,correspondingto an efficiency \]=
?>DZ�(F 1/^ . They generatea clear peakin the � 3 8 1 invariantmassdistribution shown
in figure 1. This preliminary result canbe improved by optimizing the setof selection
cuts,at the RJ) finding level aswell asat the RJ) associationprocedurestep. The back-
groundlevel in the *+) massdomain( _9`babcZ[�dfe�R ) is of about100counts.Theshape
of the background(seefigure 1), which shows large fluctuations,hasto be investigated
more. Nevertheless,by extrapolatingthe backgroundto full statisticsexpectedin STAR,gQhji�hlk�mon �(F!p centralevents,onemay deducethe detectorsensitivity. Observinga *+)
signal,abovethebackgroundat '!q confidencelevel, impliesabout960 *+) ’s ( 6�` a ) recon-
structed.
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Figure 1. �5v�wyx invariantmassspectrumfor z%{%|�}~�/v�w�x obtainedfrom recon-
structionof STAR simulatedevents.

Takinginto accountthetotalnumberof analysedeventsandtheefficiency, theestimated
sensitivity is � g `�a����!Lo=Z?�A �SD��(F 1�� *+) /event(for � L��B��� ). In orderto getmoreaccurate
estimates,it is foreseento perform *+) embeddinginto realdata.

2.2The *+) decayin ALICE

Thesensitivity of ALICE to the * ) ,/.�� 3 8 1 decayis estimatedhereata fastsimulation
level, without full trackingand RJ) finding. This meansessentiallythatwe have to make
someassumptionson theexpectedRJ) background.

First of all, we have calculatedthe acceptanceof the *+) decaychain integratedover
rapidity andtransversemomentum,for variouslifetimes,consideringagainan initial *+)
phasespacedistribution restrictedto ,J�o��LX�]OQ� with � g `ba����!L = constantin this ra-
pidity range.Then,therate(R) of reconstructable*+) ’s is givenby this acceptancefactor
( �2��� ) timesthesecondarytrackand R�) findingefficiency ( \�� hj� ): R = \�� h��!� �2��� . Thequan-
tity \�� hj� representstheprobabilityto get thefour secondarytrackscorrectlyreconstructed
andto find the2 R�) ’sof the *+) decay. Thisnumberis approximatedby thesquareof the �
reconstructionefficiency. Therateof reconstructable*W) ’s computedin this way depends
on the *+) lifetime, for <�=�?BA CoDX�GF 1�H ) s,R is equalto 0.2� .

Thenext stepis to estimatetheglobalreconstructionefficiency, includingthe RJ)�,�RJ)
associationalgorithmdescribedin previoussectionandto geta reasonableestimateof the
combinatoricbackground.For this purpose,a total amountof �+D$�GFVU eventshasbeen
simulated,with an initial *+) yield of 2 per event on the average. Eachof theseevents
containsan averagenumberof about100

3 8 1 secondaryvertex candidates.The rateR
beingof 0.2� , thetotalnumberof reconstructable* ) presentin thissetof eventsis equal
to 200,i.e. onecandidateevery250events.

The * ) reconstructionis appliedto all thesimulatedR ) ’s,eventby event,assumingthe
momentum,angularandvertex positionresolutionswhicharecurrentlyusedin theALICE
fastsimulations.Wegetanefficiency of �!A�[�DJ�(F 1�^ : atotalof about170truereconstructed
*+) ’s (thepeakin the invariantmassdistribution shown in figure2, anda backgroundof
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Figure 2. �5v�wyx invariantmassspectrumfor z%{%|�}~�/v�w�x obtainedfrom recon-
structionof ALICE simulatedevents.

about200counts.For the statisticsof �GF�p events,theextrapolatedsensitivity perunit of
rapidity in thecentralregion ( � L��
�&� ) is of about ��A¢[V�QDK�(F 1�� *+) /event.

3. Summary and outlook

The preliminarystudyof the detectabilityof exotic strangeclustersin the centralbarrel
of STAR andALICE exhibits encouragingresultsfor short-lived objects. In particular,
the discovery of the H-dibaryonor Dilambdaweak hadronicdecayto � 3 8 1 seemsto
be possibleif the productionrateof thesehypotheticalparticlesis higherthan ?�DT�GF 1��
per rapidity unit in the midrapidity ( � L��2�;� ) region of a centralheavy-ion collision at
RHIC or LHC. This sensitivity level may be improved substantiallyby optimizing the
reconstructionmethodsandselectioncutsusedto recognizethedecaytopology, in order
to reduceasmuchaspossiblethecombinatorialbackground.Furthermore,thepossibility
of looking for the * ) ,/. 0 1 3

weakdecaywill be examinedsoon. Besides,two other
prioritiesmustbementioned: thesearchfor *+)�,/.7£ 153 stronginteractionresonances
andtheinvestigationof otherpossiblehadronicdibaryondecays,the ¤¥£¦) 3/§©¨ for example,
for whichwe hopeto reachat leastcomparablesensitivities.
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